Abstract -Epimedium is a very important economic genus not only for medicinal usage but also for horticulture. We used combined PI-DAPI (CPD) staining techniques and fl uorescent in situ hybridization (FISH) with 5S and 45S rDNA probes to investigate the karyotypic and cytogenetic chracteristics of Epimedium species. All the tested species had the same chromosome number 2n=2x=12 and the same karyotype asymmetry type 2A. Just one pair of satellite chromosomes were found in each Epimedium species. Two different karyotype formulae were identifi ed in the tested eight species. The CPD banding patterns varied among the eight Epimedium species. In the double-target FISH analysis, the 45S rDNA probe revealed the loci closely to the secondary constrictions of satellite chromosome pair and 5S rDNA were located on the short arms of one metacentric pairs in the specimens. The present results provide the basis for the molecular genetics in Epimedium.
INTRODUCTION
Epimedium L. (Berberidaceae) is an ancient genus. Some important corolla characteristics such as petal type, the form and relative size of the inner sepals and petals, and fl ower dimension are often used in the classifi cation of Epimedium species. About 50 species of Epimedium are recognized since Linnaeus recorded this genus and its type species E. alpinum in 1753. While the natural dispersal ranges from Japan across Asia into northern Africa, most of Epimedium species are found in central-southeastern China (YING 2001) .
Some Epimedium species are considered as important economic plants. Given the common name of barrenworts, they have roots that were believed to cause barrenness in men. In European folk medicine, extracts of the leaves were used in treating infertility and menopause. In Chinese traditional medicine, extracts have long been considered to enhance libido and sexual performance, to clarify the mind, improve circulation and bolster the immune system. The studies of Epimedium were mainly on the chemical constituents and their corresponding chemical structures, taxonomic system, ecophysiology, cultivation, pharmacognosy. More recently, the wide and good curative effects to combat disorders of the human heart, kidneys and bones became the hotspot of modern pharmaceutical studies in Epimedium species (LI et al. 2005) . Besides the medicinal uses, Epimedium species are considered as the most elegant of groundcov-ers. With the ability to tolerate deep shade and extreme drought as well as compete successfully with tree roots, they could grow in places where other shade plants fail. Epimedium has a wider range of fl ower colors than many of its relatives (Berberidaceae). Epimedium species are not selffertile but they cross pretty freely, especially in gardens. Some species have been cultivated and hybridized for more than 150 years in Europe and even longer in Japan (MARK 2003) .
Cytogenetic studies, mainly referring to the chromosome analysis, are needed for analysis of the relationships, the evolution study, and the genetic engineering. Banding techniques have played a major role in chromosome analysis, especially the fl uorescence bandings. Now, geographical distribution and C-banding of chromosomes are incorporated to classify Epimedium species (STEARN 1938; . SHENG and WANG (2010) have studied the 45S and 5S rDNA loci of 14 Epimedium species to fi nd the implication for genome evolution of genus Epimedium. The other fl uorescent chromosome banding is applied for chromosome identifi cation in Epimedium (CHIGUSTA 2002) . DAPI (4, 6-diamidino-2-phenylindole)-PI (propidium iodide) staining has been reported in many plants, such as tomato (PETERSON et al. 1999) , rice (ANDRAS et al. 2000) . This technique helps the karyotyping of chromosome and easily locates nucleolar organiser regions (NORs). In this study, we analyzed the karyotype organization of eight Epimedium species using using fl uorochrome (CPD) staining to detect heterochromatic regions and FISH for location of 5S and 45S rDNA not only to characterize the tested species but also to get further insight of the taxonomic relationship among Epimedium species.
MATERIALS AND METHODS
Plant materials -A total of eight Epimedium species were collected and used in the karyotype analysis. Voucher samples were stored separately in the Guizhou Normal University and the Institute of Chinese Herbal Medicines, Hubei Academy of Agriculture Sciences. The tested species and the source were given in Table 1 .
Chromosome sample preparation -The chromosome preparations were carried out according to the method of SONG et al. (1994) . The root tips were collected and treated with saturated-α-bromonaphthalene at 25°C for 5 hrs, then fi xed in acetic acid-methanol (1:3) overnight. The root tips were stored in 70% alcohol until used. The materials were rinsed thoroughly before incubated in a pectolytic enzyme mixture (1% pectolyase Y-23, 1% cellulose R-10, and 1% cytohelicase, pH 4.5) for about 2 hrs at 37°C. Then two of the root tips were placed on a glass slide and tapped with the tip of fi ne forceps with a few drops of fresh fi xative (methanol: acetic acid, 3:1), then passed through fl ame and air-dried. The slides were stored at -20°C in a freezer until used.
CPD staining and FISH -Chromosome preparations were stained with 10 mL of a mixture of DAPI and PI (Sigma-Aldrich. Inc.), prepared according to ANDRAS et al.(2000) . Briefl y, stock solutions of 1 mg/mL DAPI and 1 mg/mL PI were diluted with distilled water to 10% and 2% (v/v), respectively. Six microlitres of each were added to 200 mL of Vectashield (Vector Laboratories, California, USA), to give a fi nal concentration of approximately 3 µg/mL DAPI and 0.6 µg/mL PI. The CPD images were captured by a cooled CCD camera. Then slides were exposured for two days and washed three 45S rDNA probes were kindly provided by Professor SHE (Huaihua University). Plasmid of 5S rRNA genes was kept in our lab. The 5S and 45S rDNA probes were labeled with digoxigenin-11-dUTP and biotin-11-dUTP by nick translation following the instructions of the manufacture, respectively (Roche Molecular Biochemicals). FISH was carried out according to the method described by FRANZ et al. (1996) . The Biotin-and digoxigenin-labelled probe DNA was detected by a Cy3-avidin streptatidin detection system and a fl uorescein isothiocyanate (FITC)-antidigoxigenin detection system, respectively. The slides were counterstained with 10µg/mL DAPI. Slides were examined using Olympus BX60 fl orescence microscope equipped with SenSys 1401E cooled CCD camera.
Karyotype analysis -Kayotype analysis was performed following the chromosome terminology of LEVAN et al. (1964) and karyotype asymmetry types of STEBBINS (1971) . Five good mitotic metaphases of each sample were selected for measurements of the karyotype, which their corresponding CPD bands and rDNA signals could be the useful markers for homologous chromosome identifi cation. The captured metaphases were measured directly on the screen. The chromosome relative length (% of haploid complement) and centromeric index (100×short arm length/total chromosome length) were calculated for each metaphase. The lengths of satellites were included. Chromosomes were arranged in order of decreasing chromosome length in the idiograms, with the longest being assigned as choromosome 1 and the shortest as chromosome 6. For chromosomes of equal length, the chromosome with the longest short arm was assigned fi rst. The location of rDNA loci and CPD bands on each chromosome is deposited on the ideograms according to the relative distances of each rDNA site or fl uorescent bands from the centromere and telomere.
RESULTS
The chromosome number 2n=2x=12 and the karyotype asymmetry, i.e., 2A category in all the tested species. Each metaphase had one pair of satellite chromosomes in all specimens. Table 2 indicates the relative length, centromeric index and classifi cation of the chromosome pairs in each species. In the tested materials, two different karyotype formulae were identifi ed as followings: the formula 2n=6 m (2 SAT) +6 sm for E. acuminatum, E. wushanense, E. alpinum, E. pinnatum, E. leptorrhizum, E. ecalcaratum and E. paucifl orum, and the other formula 2n=8 m (2 SAT) +4 sm for E. dolichostemon.
In the CPD staining tests (Fig. 1) , the number and location of fl uorescence bands were variable among the specimens. The PI positive bands (red) were on the heterochromatic proximal region close to the secondary constriction. The DAPI positive bands (blue) were all on the long arm of the chromosomes in the tested species, except one on the short arm of chromosome 4 in E. paucifl orum (Fig. 1d) . The maximum number of DAPI positive bands in the haploid was nine observed in E. ecalcaratum (Fig. 1f) and the minimum was two found in E. pinnatum (Fig. 1h) In the double-target FISH analysis, 45S rDNA probes showing the red signals were located on the secondary constrictions and proximally adjacent to chromatin regions. 5S rDNA probes with green signals were observed on the end of short arms of the corresponding chromosome (Fig. 2a-d,f,h) , except in E. dolichostemon and E. alpinum which was located on the subterminal region of the short arms (Fig. 2e,g ). The size or strength heteromorphy of FISH signal was frequently observed between the homologous chromosomes.
The summary of the results in this study including the karyptype analysis, CPD staining and double-target FISH was given in Table 1 . The idiograms of eight species studied were constructed according to the chromosome morphology and the positions of fl uorescence bands and FISH signals of 5S and 45S rDNA were depicted on the corresponding chromosomes (Fig. 3) .
DISCUSSION
Some common cytogenetic features of Epimedium species researches have been investigated and the data reported concern mostly the description of the chromosome number and the conventional karyotype (STEARN 2002; TAKA-HASHI 1989; SHENG and CHEN 2007; ZHANG et al. 2008; SHENG et al. 2010) . The eight Epimedium species in this study have the same chromosome number 2n=12 and karyotype asymmetry type 2A, which were consistent with other species reported before. The karyotypic macrostructure seems to be conserved among Epimedium species. When analyzing the chromosomal microstructure of these species, the chromosome band patterns would reveal the spread of heterochromatin and euchromatin on chromosomes. Based on the CPD bands, the red bands were considered as the G-C rich regions, while blue bands were A-T rich regions, obviously the purple red bands were probably the composite regions (HESLOP-HARRISON and SCHWARZACHER 1996) . The tested species had some universal characters in banding patterns. For example, all the G-C rich regions were distributed at second constrictions, while A-T rich regions were mainly on the long arms of chromosomes. However, the differentially stained chromosomes in CPD staining tests showed the unique chromosome banding patterns of band number and band position in different species. But in the C-banding karyotype analysis no noticeable difference was observed among species of Japanese Epimedium (TANAKA and TAKAHASHI 1981) . It demonstrated that CPD banding patterns including band number and band position could be considered as the cytogenetic markers for identifi cation of Epimedium species. On the other hand, both 45S rDNA and 5S rDNA revealed only one site on the chromosome pairs of all the tested species in this study. Size variation of both 45S and 5S rDNA sequence hybridization signals on the same position at homologous sites might result in the different copy number of repetitive sequences. It seemed that the chromosomal microstructure was apparently differentiation within the genus. Different Epimedium species had been proved to be easily crossed artifi cially or naturally with each other (KAZUO 1983) . For example, since E. macranthum was introduced to Europe, it could cross with many native species and made denomination very confused (KAZUO 1983) . Even though some structure differentiations of chromosomes were observed by CPD staining and FISH analysis, it seemed not to be the internal barrier to hybridization. So the similarities of chromosome macrostructure may have been particularly important for the high crossability within Epimedium species.
The classifi cation in genus Epimedium is debated, since it was fi rst reported. Over six systematics of Epimedium were proposed by different researchers. For examples, Morren and Decaisne established section Macroceras to accommodate species with large fl owers and section Microceras for species with small fl owers (MORREN and DECAISNE 1834) ; STEARN used number of leaves borne on the fl owering stem to classify Epimedium species (STEARN 1938; . However, some morphological characters used to identify Epimedium species are not consistent in some species. It seems that the differentiations of botanical characters within this genus were too complex to fi nd a reliable taxonomic system for them. On the other hand, the cytological differences in Epimedium species in the present study could not cluster into any group as the classifi cation system suggested. Some molecular genetic researches supported this result. For examples, molecular markers such as AFLP (SHEN et al. 2007 ), RAPD (GUO 1990) ,nuclear DNA sequences as ITS and 5S rRNA gene spacer were applied to identify the phylogenetic relationships among the Epimedium species (GUO 1990; SUN et al. 2005) . But surprisingly, the genetic divergence revealed by these molecular data was very weak, especially those species from China. Recently, SHENG and WANG (2010) showed the different 45S and 5S rDNA FISH patterns in seven our tested Epimedium species, and they found the stable differentiation of FISH patterns between section Diphyllon and section Epimedium. In this study, the location and number of 45S rDNA were identifyed by CPD and FISH and metaphase morphology were more typical than SHENG and WANG (2010), so we believed our result was reliable in identifi cation of chromosomes and rDNA loci. There are over forty species in China and most of them were reported in recent years. A natural arrangement of Epimedium species has become a big challenge as more new species are found. Till now, there is no convincing classifi cation for categorizing Epimedium species. According to the molecular and karyotype analysis, dividing the genus into any groups seemed to be artifi cial. It seemed the morphology variation in Chinese Epimedium species might be due to the mutation in a very few genes. The some diversity of morphological characters were overemphasized in these complex relationships, especially in Chinese species and its diversity range of the species might be ignored.
